ABSTRACT Since 1900 respiratory disease has remained a constant serious cause of chronic ill health and premature death in Britain. The falling importance of tuberculosis and pneumonia has been off-set by the rise in lung cancer. Bronchitis morbidity and mortality have fallen only slightly since 1935. To produce any real improvement in the future existing information as to cause must be studied. The relative contribution of occupational exposure is compared with the importance of cigarette smoking. Relevant information is scanty and has been produced to emphasise the existence of occupational diseases rather than assess their importance to the community as a whole. In Britain the evidence is that within the coal mining and iron and steel industries conditions are now such that dust exposure contributes little to the morbidity or mortality compared with the workers' smoking habits. Similar results have been shown by a cross-sectional survey of many dusty occupations in Western Germany. Only in the disappearing Welsh slate industry has dust disease been at least as important as smoking. Until the current regulations were introduced conditions existed among asbestos workers such that the combined effect of cigarette smoking and dust exposure led to a loss of life expectation of over 10 years in moderate smokers. Since the new regulations were introduced the risk for asbestos workers should approximate to that for other industrial workers. While control of occupational exposure to respiratory hazards remains important, a far greater improvement to respiratory health would be produced by controlling tobacco smoking.
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Respiratory disease places a heavy burden on our society. In 1977 it caused 59m days' sickness absence and 118 000 deaths in England and Wales. It was the most important cause of sickness absence and came second only to circulatory disease as a cause of death in that year (tables 1 and 2). During the past century the pattern of serious disease has changed, but its importance has not diminished. The reduction in disease due to infection has been offset by the increase in lung cancer. For those concerned with occupational diseases, respiratory disease is clearly important because of sickness absence. But it is also important as a cause of death before retiral age. Figure 1 shows the pattern of mortality in the 50-59 age group since 1911. There has been a 20-fold reduction in deaths from tuberculosis and a 10-fold *The Ernestine Henry Lecture delivered at the Royal College of Physicians London on 6 November 1979. reduction for lobar pneumonia. Deaths from bronchitis fell dramatically between 1911 and 1935 but since then have fallen more gradually. Deaths from asthma seem to have fallen slightly (owing to a change in classification recently these figures for asthma are unreliable), while deaths from bronchopneumonia (not shown on the graph) have remained unchanged throughout the period at about 0 3 deaths per thousand living a year. The only respiratory disease to show an increase is cancer of the lung. The increase is not too dramatic in this age group but nevertheless lung cancer is now the most important cause of death, more than twice as important as bronchitis. Although the other respiratory diseases are unimportant causes of death in this age group, they are important causes of sickness absence from work. Lung cancer runs a comparatively short and fatal course so that it is underrepresented on sickness absence certificates and does not appear in fig 2 1955 and 1968 . Both criteria show a slight improvement since then. These changes have occurred despite an increasingly wide range of antibacterial agents being available since the late 1930s. Indeed, the failure of the improvement in bronchitis statistics to be sustained could be interpreted as coinciding with the availability of these agents. Chronic bronchitis is more frequent in cigarette smokers and in dwellers in large conurbations suggesting that cigarette smoke and environmental atmospheric pollution are important. The recent improvement could be due to the effects of the clean air legislation or to a fall in smoking by older men or to both combined.
It is the view of many, expressed in the reports from the Royal College of Physiciansl-3 that cigarette smoking is the main cause of the very serious increase in deaths from lung cancer that has occurred since 1920. They would attribute the recent improvement to a tendency in older men to stop smoking, although it is also possible that cleaning of urban air has helped.
The two diseases of the chest that create the heaviest burden on our society are bronchitis and lung cancer. Asthma and related diseases are less important. Unless some new initiative is taken current evidence does not suggest that the situation in relation to these three diseases will improve. For both bronchitis and lung cancer cigarette smoking is a contributory cause, and atmospheric pollution by the products of fossil fuel combustion may also be a factor. Atmospheric pollution by organic materials in industry, agriculture, hobbies, and in the home is a factor in asthma and related diseases.
Sufficient evidence is available to recommend measures leading to a drastic reduction in cigarette smoking to relieve society of part of the burden of bronchitis and lung cancer. Complex arguments, however, have been brought forward that have blocked effective action so we must consider the importance of other factors to see whether other measures can be recommended that might be as effective as a reduction in cigarette smoking. As befits an Ernestine Henry lecture, "diseases due to occupation" will be considered to determine whether they contribute significantly to the burden of respiratory disease. A comparison will be made of the relative importance of toxic agents inhaled at work with the importance of inhaled cigarette smoke.
Detection of occupational factors
The industrial revolution created occupational diseases such as potter's asthma and miner's pneumoconiosis. It also created the social conditions that encouraged tuberculosis and atmospheric pollution which caused bronchitis. These two diseases have provided the main burden of lung disease, and their prevalence has obscured the contribution of occupational lung disease to the total burden. The Clean Air Acts and the present level of success in controlling tuberculosis have made it easier to recognise and measure the occupational contribution. An increasing flow of research has been published analysing the effects of various occupations on health. The research has been aimed at identifying occupational hazards. It has been assumed that these hazards should be removed regardless of the relative importance of the diseases they caused or the effects on the industry. Populations have been studied in relation to a particular hazard and compared either with the general population, with similar populations in other occupations, or with sub-populations within the same work force whose exposure is different. In all good studies allowance is made for age, sex, and smoking habits. In practice this can prevent a true comparison of the relative importance of the occupational hazard with that produced by tobacco smoke on the one hand or general levels of atmospheric pollution on the other. These research methods are forced on us because the lungs deteriorate with age.
"Aging" is a combined result of infective illnesses and time-weighted exposure to other non-occupational environmental factors as well as the aging process itself. As most of these factors affect the population as a whole the identification of an occupational factor is easiest to achieve by standardising for all the other factors in combination rather than by considering each separately.
Studies of occupational disease are seldom complete but are carried out in stages. It is usual to start by examining men currently at work for evidence of a particular disease whose existence has been suggested by case reports. This stage is the "crosssectional survey" and once identified the population may be followed up to determine the progress of existing cases of disease and to measure the attack rate of new cases. At this stage it becomes a "cohort" study, whose value may be increased by identifying the working population at some time in the past and combining a retrospective with a prospective procedure. The has been accumulated over many centuries. But, apart from descriptive studies establishing the existence of these diseases, little quantitative work has been done until recently. The most extensively studied group is coal miners.
Coal workers
A series of cross-sectional studies carried out in Britain before and after the 1939-45 war showed that coal workers' pneumoconiosis was dustdose related. Unexpectedly, the frequency and severity of simple pneumoconiosis was closely related to the cumulative dose of total respirable dust rather than to the dose of crystalline silica that occurs in varying proportions in the dust. The second unexpected finding was that while the x-ray shadows of dust disease remained discrete (simple) there was little disability, but as soon as the shadows coalesced (became "complicated") disability and pronounced disturbance of lung function occurred (fig 3) . Complicated disease, called progressive massive fibrosis, Elmes did not usually appear until a certain profusion of discrete shadows was present. Up to that stage the disease did not progress without further dust exposure, but once the massive shadows appeared, they and the deterioration in lung function progressed after the men had left the pit. At that time, in the 1950s, the analysis did not show any relation between cumulative dust exposure or x-ray changes and the symptoms and physiological changes of bronchitis.4 The effect of cigarette smoking was not considered. These findings led to the present system of health supervision in the mines by which men are advised to stop doing dusty jobs when the radiographic changes reach category 2. At this stage they are entitled to compensation in the absence of detectable disability and are extremely unlikely to progress to disabling disease if they stop dusty work. In another cross-sectional study based on the year 1962, Liddell5 showed that miners took more time off in more spells due to sickness even than men in other arduous occupations. The time off increased with age and was associated with various diagnoses but mainly respiratory illness and injuries. One could conclude that the high sickness absence was not due to dust because the worst affected groups underground were not those with the highest exposure. This finding showed a major source of error in crosssectional surveys due to selection within the population. The earlier surveys had already shown that young men at the coal face had better respiratory function than average for men of that age because fitness is a prerequisite for this arduous work, which is also the most dusty. As time goes by some face workers become less fit (more often ill) and move away from dusty arduous work taking their high morbidity with them. This source of error may be avoided by carefully planned longitudinal studies using cumulative dust exposure rather than current exposure category as an index of exposure.
A thorough cross-sectional study of symptoms and respiratory function in miners has been carried out in Germany as part of an industry-wide study on the causes of bronchitis.6 In this study exposure to dust and other respiratory "noxae" was measured and used to classify workers into grades. Respiratory symptoms were recorded using a Medical Research Council-type questionnaire and careful measurements of respiratory function carried out aimed at detecting both airways disease and damage to the alveoli (emphysema). Chest radiographs were taken to detect pneumoconiosis as well as unrelated lung diseases. They were not used as a method of measuring dust exposure or its effects. The were so few non-smokers. There was little evidence that smoking or dust led to airways obstruction up to the age of 55. Only in men with severe pneumoconiosis was there an obvious increase in airways obstruction not attributable to age or smoking habits. The authors showed that coal mining produced a higher incidence of bronchitis than the other industries and postulate that this is due to the high dust levels in all mining jobs, which obscures the effect of dust in the "within industry" comparisons.
In the 1950s a longitudinal study in 20 pits scattered over British coalfields was set up by the National Coal Board and is now yielding information that cannot be gained from cross-sectional studies. It has confirmed the close relation between cumulative respirable dust exposure and the presence and profusion of the shadows of simple pneumoconiosis. Rogan et a17 showed that there was a progressive decline in ventilatory capacity with age that was greater in smokers than non-smokers ( fig 5) . Although in each age group the men in the dustiest jobs had a slightly lower FEV1 than men in less dusty jobs, their rate of decline was the same. The age-related regression coefficients were the same for each dust group, which suggests that the differences were due to some change in the airways related to current dust exposure, which did not get worse with age. The group studied, however, was a survivor population from which men developing progressive massive fibrosis were also excluded. This study also showed a slight fall in FEV with increasing profusion of small opacities, but it was not possible to separate this from the dustrelated effect already discussed, which occurred equally in men with and without x-ray changes. This is presumably the dust effect detected in the German study where, being non-progressive, it was not obvious in the older men.
The effect of cigarette smoking on British coal miners has been studied in more detail by Jacobsen8 using the National Coal Board data. The earlier study7 had shown that the FEV declined more rapidly in smokers than non-smokers irrespective of dust exposure (fig 5) . In retired at the normal age. The Rhondda miners had a raised standardised mortality ratio of between 115 and 120 except those who had moderately advanced or advanced massive fibrosis at the beginning of the study. The men with massive fibrosis had a ratio of 195. The ratios for bronchitic deaths were high (circa 200) and for lung cancer low (circa 70). In the Leigh population the mortality for miners without massive fibrosis was the same as that for nonminers. The lack of correlation between the level of dust damage detected by radiographs and the deaths from respiratory disease in all miners without severe massive fibrosis in both these populations suggests that factors other than dust are dominant. Unfor were five categories of smoker (NS = non-smoker, Ex = ex-smoker, I = 1-14 cigs a day, l = 15-24, and III = 25 or over.) By retiral age smoking produces more than a two-fold increase in bronchitic symptoms in both foundry men and non-foundry men. Foundry work has same effect on non-smokers as category 3 cigarette smoking has on non-foundry workers. Combined effect is about a five-fold increase.12 were lower than those prevailing in the streets of central London at the time.
The German cross-sectional study6 of about 6500 workers in steel works and foundries included some heavy engineering workers. Both smoking and age were considerably more important than dust in causing bronchitic symptoms in all the groups. Smoking was more important than age in some works and less important in others. Smoking and age contributed to the level of airways obstruction and emphysema in some of the older men, dust did not.
It is difficult to reconcile the results of these crosssectional studies with the mortality findings listed by the Registrar-General'2 already quoted. mesotheliomas where it is mined in South Africa. The incidence of mesothelioma in an industrial population has been shown to be dose related,23 but the long latent period and lack of dust measurements over the relevant period has made it impossible to put the relationship on a quantitative basis.
In comparing the asbestos hazards with other environmental factors, such as cigarette smoking, the lack of information on past exposure is only part of the difficulty. There seems to be an interaction be-Relative importance of cigarette smokinig in occupational lung disease tween smoking and dust in the cause of asbestosis and lung cancer but not mesothelioma. The evidence concerning this has built up gradually, starting with the cross-sectional surveys. These surveys have shown that increasing dust exposure is associated with x-ray changes and reduction in vital capacity, and FEV1, and basal rales. A reduction in gas transfer without evidence of airways obstruction is typical in workers with relatively advanced disease under the age of 50. But in older men the symptoms of bronchitis and evidence of airways obstruction are also present, and it is difficult to separate these effects from the effects of smoking. The German study6 included about 500 asbestos workers. Bronchitic symptoms were seen in smokers with high dust exposure but not in non-smokers. It is the only group of workers in this large study where no relation between smoking alone and bronchitic symptoms was shown. This study, like many others, also failed to show evidence of a risk of cancer. The more detailed studies of two populations in Britain have been analysed to investigate the original suggestion made by Weiss24 that smoking increased lung fibrosis in asbestos workers.25 Both in an asbestos textile mill and in the dockyard workers in Plymouth the cross-sectional studies showed that the prevalence ofearly signs of asbestosis (crepitations and small opacities) was higher in smokers than nonsmokers allowing for age and exposure. Advanced (certifiable) asbestosis was also more common in smokers. Table 4 shows the analysis for the textile workers.
Longitudinal studies show that established asbestosis may progress, slowly, after exposure has ceased or under the reduced dust conditions laid down by present legislation. Analyses of this progression in relation to smoking have not been published, but the cohort studies do show a significant fall out of deaths from asbestosis, cancer, and mesothelioma. As the cohorts are followed the populations' age and the pattern of deaths change to include an increasing proportion of deaths unrelated to exposure. The fact that the premature, occupationally related deaths tend to be grouped into the first half of the total mortality of a cohort has led to an exaggeration of the importance of hazards. The well-studied cohorts of asbestos workers have been analysed by the most sophisticated statistical techniques with standardising for age, sex, and social class, and the results are expressed first as standardised mortality rates and then as ratios comparing the exposed groups with the general population. By this sort of method insulation workers show a very high risk. 26 27 In the early years of follow-up the Belfast cohort had a 20-fold increase in risk of lung cancer compared with the general population in Belfast (fig 10) . As 10°o of men in Belfast die eventually of lung cancer the 20-fold increase for working with asbestos cannot be maintained, and indeed the long-term follow-up confirms an apparent reduction in risk. In the larger American study of insulation workers there appeared to have been risk ratios as high as 87-fold (heavy smokers) or 36-fold (ex-smokers).
Saracci28 has pointed out that all the populations so far studied are lacking in two important respects: (1) the non-smokers exposed to asbestos are too small in number; and (2) there were no non-smoking non-exposed groups within the studies. Controls were usually derived from the general population statistics including smokers.
In most of the earlier reports no deaths from lung cancer in non-smokers were recorded, and this was interpreted as indicating that asbestos did not increase the risk of cancer in non-smokers. Lung cancers, however, have now been recorded in nonsmoking women who worked with asbestos in Britain. The figures available have been reanalysed25  (table 5) to determine the relation among smoking, asbestos, and lung cancer. There is an obvious excess of lung cancer in the smoking groups in the male insulation and factory workers and in the female factory workers. The number of cancers observed correlated closely to that calculated using Elmes tained men of all ages when it was first identified in 1940, and the older men tended to die first. Nevertheless, the mean age of the cohort rose and the ratio of observed over-expected for primary lung cancer fell from 20:1 to less than 3:1 between 1950-4 and 1970-4. The mean age at death rose from 55 to 66 in the same period. If the experience is expressed as a survival curve (fig 11) the mortality for all causes may be compared with the rest of the population. Death rates are higher (the slope of the curve is steeper) than for the expected until the last five years when they run parallel. In this cohort it was not asbestos) could make a major contribution to respiratory disease in the community. There may be many smaller industries that cause respiratory illness either due to dust (as in the slate workers) or to a chemical as in the polyurethane plastics industry. Many of these have not been fully investigated, but these hazards of disease will probably be avoided by carefully controlling dust or fumes or by substituting safer materials. This will undoubtedly lead to the disappearance of certain traditional products, such as the roofing slate, because substitutes are cheaper and safer. As a result of removing many small contributions to society's burden of respiratory disease there may be a noticeable reduction in the total.
But in considering industries like coal and steel and to a lesser extent asbestos the importance of these industries in our economy must be borne in mind. The decision to increase the preventive measures to protect the health of these large numbers of workers must be weighed against the possibility that the product will be made too expensive, thereby causing employment to fall both in the industry itself and in the dependent industries. In the case of coal it seems unlikely that we will be able to substitute other sources of energy in the foreseeable future and therefore the cost of more efficient worker protection must be weighed against their gain in health. The question that must be answered is, "Is the cost-benefit relation such that this method of improving the community's respiratory health should be chosen in preference to the spending of an equivalent amount in reducing general atmospheric pollution or cigarette smoking?" In the iron and steel industry it seems that the environment has already been improved to the point at which no significant amount of chronic respiratory disease is produced. But research is needed to identify and eliminate the cause of the lung cancer in this industry.
Asbestos, although widely used, is not so essential as coal or steel. Some countries are attempting to do without it altogether. But this policy is open to two serious questions that have not yet been answered by scientific study. Firstly, are the substitutes as effective? One does not know, for instance, whether cement products reinforced with asbestos substitutes will be as efficient and will not fail structurally after time, stress, and weathering. Nor is it yet known whether brake linings will be as efficient or fire protection as effective. Secondly, the substitutes are not free from respiratory hazard, although work in hand indicates that up to the present time the man-made mineral fibre and ceramic fibre industry has not created as high a health risk as the asbestos industry. Those Lung cancer and mesothelioma of the pleura and peritoneum can result from exposure to asbestos. There is a long interval between critical exposure and the development of this tumour so that prevention takes a long time to show results. Measurements of past exposure in this industry have not been very meaningful so that the comparisons between the risks due to asbestos and the risks due to smoking are difficult. The situation is complicated by a synergism between tobacco smoke and asbestos in causing both lung cancer and disabling lung fibrosis (smoking does not contribute to mesothelioma). But it appears that in some of the groups who suffered from heaviest exposure before the current regulations the overall risk from asbestos was approximately equal to the overall risk from smoking.
Only in the archaic conditions of the slate industry did dust exposure exceed cigarette smoking in importance as a cause of disabling disease. In all the other situations reviewed cigarette smoking was the dominant cause of symptoms, of disability and of premature death from respiratory disease. Bearing in mind that smoking also causes serious cardiovascular disease there is no question that even in these dusty industries stopping smoking would have a far greater effect on the burden of disease than the complete suppression of all the dusts and fumes. 
